ABSTRACT: We measured the effect of fluctuating experi-
tion rates are often predicted from temperature rethat ciliates experience in natural environments. Fluctuating sponse curves measured in the laboratory (Montagnes affected Parameters measured, suggesting et al. 1988 et al. , Mac& et al. 1996 , and ecosystem models that rate measurements at constant temperatures are not necessarily appropriate for modelling of processes in naturally (e.g. Gaedke & Straile 1994, Straile 1998) commonly fluctuating environments. Although there were significant assume that growth measured at a temperaeffects of fluctuating temperature on parameter estimates, no ture yield the same growth rate as variable temperauniversal trend was observed. Furthermore, effects under fluctuating conditions could not be predicted from mean estimates of measurements made over the temperature ranges. Finally, differences among isolates of U. furcata, from lakes 100s of km apart, were as large as differences between U. furcata and U. farcta; this suggests that various ecotypes exist among morphologically identical isolates. cantly lower production rates in U. farcta (Fig. 1L) . 1998 ). For analysis, we assumed the same changes relative to the growth rates measured at 20°C would occur in the present investigation at the respective constant temperatures. Thus, we calculated theoretical growth rates (Fig. 2, open bars) and compared those to measured rates (Fig. 2, hatched bars) . If the ciliates were subjected to fluctuating temperatures of, for example, 17:23"C, and the effect of temperature was immediate, the theoretical growth rate would be the arithmetic mean of the rates predicted at 17 and 23°C. Predicted growth rates, however, differed from measured rates (Fig. 2) . In both Urotncha furcata isolates, measured growth rates were significantly lower (t-test, p < 0.05) than predicted values in the 19:21°C treatments and higher than calculated rates at the wider temperature fluctuations. For U. farcta, measured rates tended to be lower than predicted rates. This effect was highly significant (p < 0.001) in the 15:25"C experiment. Similar disparities between measured and calculated values also occurred for volume and production of these isolates (data not shown). Discussion. The effect of temperature on cell size, growth rate, and production of ciliates has been restricted mainly to studies at constant temperatures (e.g. Miiller & Geller 1993). As constant temperatures are rarely experienced in nature, such work may be of questionable ecological significance (Cossins & Bowler 1987) .
Results. There were significant interactive effects T h e various effects o f fluctuating temperatures on between isolate and temperature treatments on volthe 3 measured parameters o f the 4 isolates o f Urou m e , growth rate, and production (2-way
Day-to-day temperature variations of 1 to 2°C are typical for the lakes that our experimental ciliates were isolated from, especially during the onset of springtime stratification (e.g. Lampert et al. 1986 , Bauerle et al. 1998 . Daily temperature fluctuations of 2 or 3°C occur for non-migrating epilimnetic organisms during summer (Geller 1986 , Stich 1989 . Furthermore, temperature changes of -5°C occur in the epilimnion in summer during periods of rapid weather change (e.g. Geller et al. 1991) , and even larger fluctuations may be regularly experienced by organisms living close to the thermocline, in particular in combination with transportation processes associated with internal seiches (Gaedke & Schimmele 1991). However, our results suggest that the effect of such fluctuating temperatures on volume, growth rate, and production cannot be predicted from the values measured at average, constant temperatures.
Our comparison of theoretical and measured growth rates (Fig. 2) , admittedly, must be viewed with some caution. We assumed that the general temperature response of the respective strains determined earlier was valid, although the growth rates measured in this study at constant 20°C differed somewhat from the previous estimates (Weisse & Montagnes 1998). However, we have repeatedly measured the temperature response of both Urotricha species and have often found variation in the rates while the shape of the growth versus temperature curve remained unchanged (Weisse et al. unpubl.) . The variation may originate from sampling bias, counting error, and some physiological changes of the ciliates in cultures. We can rule out that food limitation was important in the present study as we measured the highest growth rates (for U. farcta) at the lowest final food concentrations, and the remaining Cryptomonas sp. concentrations seemed still high enough to support unlimited growth of the ciliates. Furthermore, synchronous cell division which may affect growth rate calculations is of little importance in the ciliates studied under the experimental conditions (Weisse unpubl. res.). Thus, we consider our comparison of the 2 studies appropriate to assess differences in temperature responses.
The temperature effects we observed could not b e consistently determined from temperature changes: in some isolates (Urotricha furcata LC and SCH) growth was accelerated at intermediate (+3"C) and wide (+5"C) temperature fluctuations but retarded at small ( + l 0 C ) temperature variations. In other isolates (U. furcata LM, U. farcta) growth was negatively affected if temperature fluctuations exceeded + l 0 C . The stimulating effect of fluctuating temperatures was pronounced in 2 U. furcata isolates at moderately changing temperatures (17:23"C): U. furcata LC doubled every 25 h while the theoretically calculated value was 34 h (Fig. 2) . Similarly, U. furcata SCH doubled every 24 h compared to the theoretical estimate of 30 h.
While the negative impact of temperature changes may be explained by stress effects (Cossins & Bowler 1987) , the cause for a positive impact of temperature fluctuations is not obvious. However, data exist that show positive effects: there can b e a n acceleration effect of fluctuating temperatures on insect development (Kaufmann 1932) A remarkable result of our study is that the effects of fluctuating temperatures on volume, growth rate, and production of Urotricha varied both inter-and intraspecifically. Although some differences existed, the temperature responses of the U. furcata isolates from Lakes Constance and Schohsee were similar, supporting our earlier results (Weisse & Montagnes 1998). The effects of fluctuating temperatures on the U. furcata LM isolate were, however, more similar to those on U. farcta than to those on its conspecifics from Lakes Constance and Schohsee.
The isolate from Lake Mondsee was unequivocally identified as U. furcata, both morphologically (W. Foissner pers. cornrn.) and genetically (Bruchmidler 1998). Our findings, therefore, support the earlier conjecture that large ecophysiological differences exist anlong morphologically identical ciliate isolates and species (Perez-Uz 1995, Weisse & Montagnes 1998). Thus, although the total number of free-living ciliate species may be relatively small (Finlay & Fenchel 1999 and references therein), various ecotypes (Turesson 1922) undoubtedly exist within each species, and the functional biodiversity may be considerably larger than is at present assumed mainly based upon species numbers.
